ABSTRACT -The greenbug Schizaphis graminum (Rondani) is one of the most important cereals pests in the world. Within populations of this species, several biotypes, which are clones that share same virulence relationships with cultivated plants, can be distinguished. Molecular markers have been used to genetically characterize insect populations because they are fast and cost effective. In order to find RAPD markers to identify Brazilian S. graminum biotypes, nineteen clonal populations of three biotypes (B, C and E) from Brazil and three clonal populations from the U.S. were examined. Eighteen primers were used to analyze the material, but only six primers revealed polymorphisms and among those, three produced diagnostic band profiles that allowed biotype characterization. Using Jaccard Similarity Index and UPGMA clustering method it was possible to show that biotype B is genetically very distinct from C and E, which are closely related to each other. The biotype C showed the greatest genetic diversity, while biotype E was the least diverse. Analysis of Molecular Variance (AMOVA) showed that genetic variance among clonal populations belonging to the same biotype is smaller than among clonal populations grouped according to their geographical similarity.
growth are noticeable among biotypes, especially in host resistant strains (Futuyma & Peterson 1985) . Different parthenogenetic biotypes have either different geographic distribution or they coexist on a same local (Lowe 1974) . In practical terms, biotype usually designates a group of organisms within a species that is distinguished by a particular trait of interest, usually non-morphological, such as adaptation to plant genotypes (Wilhoit & Mittler 1991) .
Biotype identification of S. graminum is the first step for any cereal-breeding program to obtain resistant cultivars to this pest. Greenbugs are identified and classified as biotypes based on host plant response. Greenbug biotypes are defined by their abilities to damage different plant species and cultivars (Shufran et al. 1992) . At present, there are ten officially accepted biotypes which are designed by letters: A, B, C, E, F, G, H, I, J and K. The biotype D was differentially assigned based on insecticide resistance, but such designation has been discarded (Puterka & Peters 1990) . In Brazil, until 1993, only biotype C had been reported on wheat. Biotypes E and B were first recorded in 1994 and 1996, respectively (Tonet 1999) .
Damage in differential hosts is still considered the only reliable way to identify greenbug biotypes. However, this method is difficult to be adapted for Brazilian cropping system, because it depends on growing different winter wheat differential varieties, which are not adapted to tropical and subtropical climates.
Morphometric patterns, cytological studies and isozymes markers have been used as alternative methods to discriminate biotypes. Morphometric variation among biotypes B, C and E was assessed by Fargo et al. (1986) and Inayatullah et al. (1987) . They found that alate and apterous S. graminum biotypes form distinct groups when multivariate analysis was applied to a large number of morphological measurements. Isozymes profiles for biotypes B, F and C/E showed distinctive patterns (Abid et al. 1989) . Measurements of total chromosome length in meiotic metaphase found that biotype differed significantly from biotypes B and C, but B and C did not differ (Mayo & Starks 1972) .
Using COI and COII (Cytochrome oxidase subunits I and II) genes of mtDNA, Shufran et al. (2000) inferred that S. graminum biotypes are a mixture of genotypes belonging to three clades that may have diverged as host-adapted races on wild grasses. Aikhionbare et al. (2000) , using mtDNA genes, revealed variation in nucleotide sites among seven greenbug biotypes. There was not any nucleotide variation within seven clones of biotype E. Using RAPD (Randomly Amplified Polymorphism DNA), Black IV et al. (1992) found distinctive patterns in some biotypes, with exception of C and E. Aikhonbare et al. (1998) also reported that is possible to identify S. graminum biotypes using these molecular markers.
Based on historic records, Porter et al. (1997) proposed that there is no relationship between the use of resistant varieties and development of new biotypes. Therefore, greenbug biotypes probably are more pre-adapted opportunists than individuals selected by resistant cultivars.
The objective of this work was to select RAPD markers that could be used for quick identification of S. graminum biotypes as an alternative to host plant response tests. Also, the genetic variability within each biotype and the genetic relationships among biotypes B, C and E were also assessed.
Material and Methods
S. graminum Clones. Twenty-two clonal populations from biotypes B, C and E were used for this research ( Biotype Identification. Lesion technique as described by Puterka & Peters (1988) , with some modifications, was carried out for biotype identification. The species and cultivars used in this experiment are presented on Table 2 . Ten to fifteen seeds of each resistance source were sown on each vase. The vases were transferred to a chamber with controlled conditions (21ºC, 70% relative humidity and 12h photophase). After seven days of sowing, ten one-week old S. graminum individuals were placed on the seedlings leaves and allowed to feed for 96h. The insects were eliminated and the plant tissues were inspected for assessing the damage. Plants were considered susceptible when brown necrotic lesions were present and resistant when only chlorosis was observed at the insect feeding site. Each bioassay result represents a mean of four independent assessments. DNA Extraction. DNA was extracted using a protocol suggested by Carvalho & Vieira (2001) . Five clones of each population were put in microcentrifuge tubes and frozen in N 2 liquid. The insect bodies were grounded manually and 200 ml buffer extraction (200 mM Tris-HCl pH 8.0; 2 M NaCl; 70 mM EDTA pH 8.0) and 50 ml of sarcosyl were added. After incubation for 30 min. at 65ºC with occasional mixing the extract was centrifuged at 10000 rpm for 15 min. and the supernatant recovered to a new microtube. DNA was precipitated by adding 110 µl ammonium acetate and 250 ml of cold isopropanol to the aqueous supernatant. The solution was left overnight at -20ºC, and then centrifuged for 15 min. at 10000 rpm. The pellet was washed with 70% ethanol, air dried and and resuspended in 25 µl of TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0) containing RNase (10 mg/ml), and stored at -20ºC. DNA concentration was estimated by fluorescence using a DyNA Quant 200 minifluorimeter (Hoefer Instruments). RAPD Reactions. RAPD reactions were performed in 25 µl aliquots containing 25 ng genomic DNA, 2.5 mM buffer, 20 mM Tris (pH 8.4), 50 mM KCl, 1.5 mM MgCl 2 , 100 mM of each dNTP, 0.2 mM primer and 1 U Taq polymerase. The amplifications were performed in a PTC-100 TM (MJ Research, Inc.) using the following temperature program: 5 min. at 94º followed by 40 cycles of 1 min. at 94ºC, 90 s at 40ºC and 2 min. at 72ºC, with a final extension of 5 min. at 72ºC. Amplification products were analyzed by electrophoresis at 5V/cm in agarose gel (1.5%). The gel was stained in 0.5 mg/ml ethidium bromide solution and photographed with the KODAK EDAS 120 system. Data Analysis. Only RAPD fragments (bands) less than 2.5 kb fragments and reproducible in two or more gels were scored and considered for the analysis. A matrix of Jaccard's distances (Sneath & Sokal 1973) were estimated between all pairs of the twenty-one clones of the S. graminum biotypes as follows: S = a / (a + b + c) where a was the number of bands present for both clonal population; b the number of bands present for a clonal population 1 but not for clonal population 2, and c, the number of bands present for clonal population 2, but not for clonal population 1. The clustering procedure -UPGMA -Unweighted Pair Group with Arithmetic Mean (Sneath & Sokal 1973 ) was used to study the genetic relationships among the clones based upon the distance matrix. Analysis of Molecular Variance (AMOVA) (Excoffier et al. 1992) was used in order to investigate the magnitude of genetic variation among the biotypes. We excluded USA clonal populations (B4, C11, E7) which only biotype identification data was available and C10 because it was only one population collected in Minas Gerais (MG). Two AMOVA analyses were performed at two-level (clonal populations within regions and clonal populations within biotypes) to assess the contribution of geographical origin to the population genetic variance. We used AMOVA-PREP (Miller 1998) to prepare files to perform AMOVA analyses utilizing the WINMOVA software (Excoffier et al. 1992) et al. 1992) , which is correlated with fixation index (Wright's F-statistics) to quantify the genetic differentiation level derived from population division.
Results and Discussion
Biotype Identification. Nineteen arbitrarily chosen primers were tested. Most of them yielded identical RAPD profiles among all populations and were therefore not useful to identify the different biotypes. Six primers provided polymorphisms, but only primers OPA-3, OPA-7 and OPC-2 were diagnostic to discriminate biotypes B, C and E. OPA-3 primer was able to discriminate biotype B by the presence of a 550 bp fragment, which is absent in C and E, and by the presence of 750 bp fragments, which are present in C and E and absent in B (Fig.1) . OPA-7 allowed to discriminate all three Brazilian biotypes, but was not able to distinguish the C and E clonal populations from U.S. (Fig. 2) . The primer OPC-2 was able to discriminate biotype C from E by the presence of a 1000 bp DNA fragment in all clones of biotype E that was absent in all C clonal populations examined (Fig.3) . Black et al. (1992) reported that RAPD markers were not able to distinguish biotypes C and E, what contrasts with the Aikhonbare et al. findings (1998) , which demonstrated that RAPD was capable to produce distinct polymorphisms for C and for E. The results showed that these biotypes of S. graminum from Brazil can be readily identified, even with diagnostic primers different from those used by Aikhonbare et al. (1998) . This study demonstrated the usefulness of RAPD for discriminating S. graminum biotypes B, C and E occurring in Brazil. Compared with the traditional host-plant trial method for biotype identification, RAPD is faster, cheaper and less labor intensive.
Genetic Relationships. The clustering analysis showed three groups: Group I, formed by biotype B clonal populations; Group II, constituted exclusively by biotype C and Group III, formed by clonal populations of biotypes C and E (Fig. 4) .
The biotype B was recorded for the first time in Brazil in 1998 (Tonet 1999 ) and since then, only three clones were observed in 2000 (the same three clones used in this work). These three clones were collected in two very distant collection sites (Caaporá-MS and Passo Fundo-RS Table 2 . Plant species and genotypes used for biotype characterization of S. graminum.
profiles were able to distinguish biotype B from C and E. The clonal populations of biotype B had a small genetic variability. Despite its presence in cereal crops, B biotype is associated mainly with wild hosts (Anstead et al. 2002) . It has been reported that biotype B is exclusively anholocyclic (Puterka & Peters 1990) , which may have contributed for the small genetic variability among biotypes from unrelated geographical origin. In molecular phylogenetic studies (Shufran et al. 2000) biotype B is in different clade of the agricultural biotypes (biotypes C-E-I-K).
The biotype C had the largest intra-biotype genetic variability. The biotype C clones used in this study were collected mainly from high latitutes. Association of the band profiles with the geographical origin of the clones was observed. All clones collected in RS (C1, C2, C3, C4 and C6) had identical RAPD profile, except clone C5. This last clone was collected from a site distant from others. Clones C7 and C8, collected in PR, showed the largest divergence among the C clonal populations within the group II.
All clonal populations of the biotype E and three clonal populations of the biotype C formed the group III. With exception of E5 and E7, all other clonal populations had the same RAPD profile. The C10 clone (Sete Lagoas, MG) was collected from sorghum fields and has a distinctive genetic profile within this group. C11 and E7 clones are populations from laboratory-raised colonies at ARS-USDA (Stillwater, OK) and are close genetically related to each other. Also, C9 from wheat (Itaporã, MS), C10 from sorghum (Sete Lagoas, MG) and C11 from USA showed more genetic similarity with clonal populations of biotype E than with others clones classified as biotype C. As would be expected, the clone of biotype E from USA (E7) presented a small but significant divergence from all Brazilian clones of biotype E. These results are in agreement with previous reports that are showing the lack of genetic differentiation among E clones using RAPD (Black et al.1992 , Aikhonbare et al. 1998 . Despite the high similarity, it was possible to find a specific marker for biotype E from USA (Fig. 2) even using a limited number of primers. These results suggest the possibility of finding greater variability in clonal populations of biotype E from different geographical origins with RAPD analysis with increase number of primers. Previously, genetic differentiation among E clones was only obtained using rDNA intergenic spacers, which are extremely variable DNA regions (Shufran et al. 1992) . The clustering analysis showed that some clonal populations of biotype C are closely related to those of biotype E. Using isozyme Figure 4 . Dendogram of S. graminum biotypes B, C and E clustered by UPGMA method based on RAPD bands that was generated using six primer. Scale value of 1.00 indicates 100 % of genetica similarity. Biotype codes according to Table 1. analysis, Abid et al. (1989) reported indistinctive patterns between C and E. Despite the easy identification of biotypes B, C and E by RAPD, the overall genetic similarities between C and E do not support these biotypes as evolutionary divergent groups.
There was an agreement between these RAPD results and among those obtained with mtDNA studies in regarding relationships to these three biotypes. Shufran et al. (2000) using partial sequences of cytochrome oxidase subunits I and II genes of mtDNA obtained evidence for host-adapted races existence within in S. graminum with biotype B positioned in a different clade from C and E. Also, Aikhonbare & Mayo (2000) using four other mtDNA genes found that biotype B is less related to C and E. The genetic relationships analysis showed that biotype B seems to be a natural group diverging from biotypes C/E and presents low intra-biotype variation. This is a consequence from genetic isolation, because biotype B is exclusively parthenogenetic (Puterka & Peters 1990 ).
Molecular Variance Analysis.
The analysis of molecular variance at two-level is summarized on Table 3 . The component of genetic variance within biotypes was smaller than within states (16,12% and 79,37%, respectively) . This implies that biotype, regardless the geographical origin, was the most important factor contributing to genetic similarity among clonal populations. In statistical terms, this could be explained as a consequence of the genetic similarity within clones of biotypes B and E. Despite geographical origins, biotypes B and E have low intra-biotype variability and they are genetically distant from each other. The high value of Φst obtained in the AMOVA when the clonal populations were grouped by biotype indicates high genetic divergence between B and C/E group, supporting the observation made by Puterka & Peters (1990) regarding absence gene flow between B and other two biotypes. Although, presenting a smaller Φst value when the clones were arranged within states of origin, a relative geographical population structure was observed, mainly caused by absence of genetic variation within clonal populations of biotype C from RS.
Based on the assumption that majority of cereals aphids populations of RS are originated from northern region, the low genetic variability of biotype C from RS could be a result from population subdivision in the migration process. When a population is divided, each resulting population becomes more homogeneous and divergent from original population due to the founder effect, differential selection or random genetic drift (Hartl & Clark 1997) .
Other hypothesis that should be considered is the natural selection caused by natural enemies at local level, which may be responsible for differences in genetic composition of local resident population that subsists in wild hosts or spontaneous crops. Until 1992, according to Salvadori & Tonet (2001) , 74% of all populations of parasitoids reared in EMBRAPA for the Brazilian Wheat Aphids Biological Control Program were released in RS. In New York, Henter & Via (1995) reported selection caused by biological control agents in pea aphid, Acyrtosiphon pisum (Harris) Great selection pressure by natural enemies would be one of some explanations for this genetic homogeneity of C biotype from RS.
In this paper, we demonstrated that RAPD analysis is useful to identify S. graminum biotypes from Brazil using only a limited set of primers. Confirming the results obtained by Aijkhonbare et al. (1998) with USA populations, greenbug clones of biotype B occurring in Brazil are genetically very distinct from C and E, and these two biotypes are close related to each other. Analysis of Molecular Variance (AMOVA) showed that S. graminum clones belonging to the same biotype have greater genetic similarity than clones grouped by their geographical origin. 
